ABSTRACT Aim To investigate whether the association between exposure to smoking in movies and smoking among youth is independent of cultural context. Method Cross-sectional survey of 16 551 pupils recruited in Germany, Iceland, Italy, the Netherlands, Poland and Scotland with a mean age of 13.4 years (SD¼1.18) and an equal gender distribution. Schoolbased surveys were conducted between November 2009 and June 2010. Using previously validated methods, exposure to movie smoking was estimated from the 250 top-grossing movies of each country (years 2004e2009) and related to ever smoking. Results Overall, 29% of the sample had tried smoking. The sample quartile (Q) of movie smoking exposure was significantly associated with the prevalence of ever smoking: 14% of adolescents in Q1 had tried smoking, 21% in Q2, 29% in Q3 and 36% in Q4. After controlling for age, gender, family affluence, school performance, television screen time, number of movies seen, sensation seeking and rebelliousness and smoking within the social environment (peers, parents and siblings), the adjusted ORs for having tried smoking in the entire sample were 1.3 (95% CI 1.1 to 1.5) for adolescents in Q2, 1.6 (95% CI 1.4 to 1.9) for Q3 and 1.7 (95% CI 1.4 to 2.0) for Q4 compared with Q1. The adjusted relationship between ever smoking and higher movie smoking exposure levels was significant in all countries with a non-linear association in Italy and Poland. Conclusions The link between smoking in movies and adolescent smoking is robust and transcends different cultural contexts. Limiting young people's exposure to movie smoking could have important public health implications.
INTRODUCTION
Overwhelming evidence indicates that smoking is a major cause for a number of life-threatening diseases, including various cancers and cardiovascular and lung diseases. 1 2 Adolescence is the developmental period in which smoking experimentation usually first occurs. 3 Smoking uptake is a behavioural process that is to a large extent triggered by social risk factors. 4 These social risk factors not only include peer and parental smoking but also a number of other factors such as tobacco marketing and media exposure. One prominent theory that is used to understand the smoking initiation process is social learning theory. 5 This theory basically suggests that people learn by watching others. Generally, any person can function as a role model, but most likely, role models are significant social agents such as family members, peers or movie stars. 6 From this perspective, it is perhaps not surprising that a number of cross-sectional, 7e14 longitudinal 15e24 and experimental studies 25e28 have found an association between exposure to movie smoking and smoking among adolescents. The evidence base seems so strong that a US National Cancer Institute report, 29 and one from WHO, 30 concluded that the association is "causal."
Other research has examined what share of movie smoking exposure comes from youth-rated movies; the reports have found it to be larger than half among US adolescents 31 32 and even higher among adolescents in the UK. 33 These facts have prompted public health advocates to call for an adult rating for smoking in movies, which is also one recommendation in the implementation guidelines of WHO's Framework Convention on Tobacco Control (FCTC). However, up to now, no country has adopted this recommendation.
The indecision of a country to change their movie ratings system may be because of lack of evidence linking movie smoking to youth smoking in that particular country. The present study
Key messages
What is the key question?
< There is a well-documented association between exposure to movie smoking and trying smoking among the youth in the USA and Germany. Does this apply to youths in other European countries?
What is the bottom line?
< Movie smoking exposure is associated with youth smoking, regardless of country. Much exposure comes from youth-rated movies. Given the harms of smoking, there seems to be little reason not to limit smoking in movies marketed to youth through movie ratings systems.
Why read on?
< Including more than 16 000 adolescents from Germany, Iceland, Italy, Poland, Scotland and the Netherlands, this is the largest study ever conducted on this topic, and it provides some of the first evidence on the specificity of the movie smokingeyouth smoking association and detailing differences in the dose-response by country.
addresses this for six European countries by reporting the results of a large-scale cross-sectional survey of young adolescents living there. These countries differ substantially in their rankings on the 2010 Tobacco Control Scale, which can be seen as an indicator for denormalising smoking in society in 30 European countries. 34 The countries selected for the current study rank 1st (UK), 4th (Iceland), 12th (Italy), 13th (the Netherlands), 19th (Poland) and 26th (Germany) on this scale. Based on data collected in 2007, the 30 day smoking prevalence among 15e16-year-olds ranged from 16% in the country with the lowest prevalence (Iceland) to 37% in the country with the highest prevalence (Italy). 35 This paper aims to investigate whether the association between exposure to movie smoking and youth smoking occurs independently of cultural contexts, for example, prevalence of smoking, tobacco control policy, attitudes towards smoking in the population, culture-specific parental and peer influences.
METHODS

Study sample and procedure
The study was conducted from six study centres, in Germany (Kiel), Iceland (Reykjavik), Italy (Turin and Novara), Poland (Poznan), the Netherlands (Nijmegen) and UK (Glasgow). The six study samples were all recruited from state-funded schools (see appendix 1 for sample details). Overall, a total of 19 268 students from 114 schools and 865 classes were examined for eligibility. One thousand fifty-nine students (5.5%) could not be included in the study because of missing parental consent; 1561 students (8.1%) were absent on the day of assessment and could not be reached by mail; 99 students (0.5%) refused to participate, resulting in a final overall sample of 16 551 students (85.9% response rate). Within this final sample, the number of reached students per school ranged from 14 to 603, the number of reached students per class ranged from 1 to 45 students.
Survey
In each country, data were collected through self-completion questionnaires, administered by trained research staff. Each completed questionnaire was placed in an envelope and sealed in front of the class. Students were assured that their individual data would not be seen by parents or school administrators. Study implementation was approved in all six study centres by the respective ethical boards and data protection agencies.
Measures
Exposure to movie smoking
Exposure to smoking in movies was assessed using a variable data survey method developed by researchers of Dartmouth Medical School, which relies on the recall of seeing movies presented to respondents as a list of titles. 36 For this procedure, each participating study centre provided a list of 250 box-office hits of their countries based on publicly available data on movie revenues. Each of the six lists of 250 movies contained the 50 most successful movies of the years 2005e2008 and the 25 most successful movies of the years 2004 and 2009. Students in each country received a random selection of 50 movies (20%) of their country-specific list of 250, creating an individual movie list for each student. To minimise subject-to-subject disparities in movie composition, selection of movies was stratified by year of release and by country-specific age rating so that each randomly generated list of 50 titles had the same distribution with regard to year and country-specific age ratings. Students were asked to indicate how often they had seen each movie (from 0¼'never' to 3¼'more than two times'). For the present analysis, answers were dichotomised into 'seen' and 'not seen'.
In a parallel procedure, all included movies were content coded with regard to tobacco occurrences. Owing to a high overlap of box-office hits between countries, the complete sample of 1500 movies (6 countries3250 movies) contained 655 unique movies. Fifty-six per cent of these movies (n¼368) were included within the top 100 box-office hits in the USA and had already been content coded at the Dartmouth Media Research Laboratory. The remaining 44% (n¼287) were content coded in the six European study centres. In this coding process, trained coders review each movie and count the number of occurrences of onscreen tobacco. A tobacco occurrence is counted whenever a major or minor character handles or uses tobacco in a scene or when tobacco use is depicted in the background (eg 'extras' smoking in a bar scene). Occurrences are counted each time the tobacco use appears on the screen. Inter-rater reliability was studied via two types of correlations: (1) between the coding results of the European coders and the European trainer on a selected number of training movies and (2) between the European trainer and the Dartmouth coders, based on a blinded European re-coding of a random sample of 40 Dartmouth-coded movies. European coderetrainer correlations ranged between r¼0.92 (Iceland) and r¼0.99 (Italy); the European re-counts of tobacco occurrences in the random movie selection correlated r¼0.95 with the Dartmouth counts.
Exposure to movie smoking was calculated for each student by summing the number of tobacco occurrences in each movie they had seen. The measure was adjusted for possible variation in the movie lists by expressing individual exposure to movie smoking as a proportion of the total number of possible tobacco occurrences each student could have seen on the basis of the movies included in his/her questionnaire. The final exposure estimate was the proportion of seen tobacco occurrences multiplied by the total number of tobacco occurrences in the respective movie population (the number of tobacco occurrences in the 250 movies of each country).
Lifetime smoking
Students were asked "How many cigarettes have you smoked in your life?" Response categories were 0¼"none", 1¼"just a few puffs", 2¼"1e19 cigarettes", 3¼"20e100 cigarettes" and 4¼"more than 100 cigarettes". Students who reported "none" were classified as "never smokers" and all others as "ever smokers". 37 
Covariates
We included a number of covariates that could confound the relation between exposure to smoking in movies and trying smoking, including socio-demographics, behavioural and personality characteristics and smoking of peers, parents and siblings (see appendix 2). The list of covariates mirrored that of previous studies on movie smoking, 7 10 14 with the exception of an additional control for the number of movies seen. The control of general movie exposure strengthens the idea that the reported associations are specific to the smoking imagery because the amount of movie smoking exposure might only be a marker variable, indicating students that have high movie exposure in general.
Statistical analysis
All data analyses were conducted with Stata V.11.0 (Stata Corp, College Station, TX, USA). Bivariate associations between all study variables were analysed with Spearman rank correlation coefficients, multiple mean comparisons with Tukey test. Locally weighted scatterplot smoothings were used to graphically represent the relationship between movie smoking exposure and adolescent smoking for each country. For the multivariate analysis, the exposure to movie smoking was parsed into country-specific quartiles, and the dependent variable was dichotomised into ever and never smokers. The use of quartiles enabled us to directly compare the results with previous studies on movie smoking that have also used this analytic strategy. Because the data were clustered at the country, school and classroom level, associations between amount of movie smoking and lifetime smoking were analysed with multilevel mixed-effects logistic regressions with random intercepts for country, school and class in the overall analysis and random intercepts for school and class in the countryspecific models (uncentred data in all analyses). In a first step, unadjusted models were specified, with movie smoking exposure as the only fixed effect. In the adjusted models, all covariates were included as fixed effects. In each model, the first (lowest) quartile of exposure to movie smoking served as the reference category.
RESULTS
Descriptive statistics
Descriptive statistics for lifetime smoking and all covariates are presented in table 1. The final sample consisted of 16 551 students, of whom 51% were male. The mean age was 13.4 (SD¼1.18) years, with an age range of 10 to 19 years. Overall, 29% of subjects had ever tried smoking, but this varied (14) 144 (5) 411 (15) 700 (17) 153 (11) 310 (11) 1e19 cigarettes 1059 (6) 175 (7) 46 (2) 198 (7) 393 (10) 115 (8) 132 (4) 20e100 cigarettes 661 (4) 88 (3) 29 (1) 146 (6) 268 (7) 64 (5) 66 (2) >100 cigarettes 947 (6) 81 (3) 19 (1) 288 (11) 349 (8) 102 (7) 108 (4 
Exposure to smoking in movies
Overall, 71% of the total 655 movies included at least 1 tobacco occurrence, with a range of 0 to 423 and a mean of 28.5 occurrences. On average, adolescents had seen 21 (SD¼9) of the 50 movies on their individual list (table 1) , which translated into an estimated mean exposure to on-screen tobacco of 1727 (median¼1448) occurrences, based on an extrapolation to the respective 250 movies. Figure 1 shows the distributions for the estimated exposure to smoking in movies. All histograms are positively skewed, with some differences between the countries with regard to the mean amount of exposure (all pairwise comparisons' p<0.05, with the exception of Iceland vs Poland and Italy vs UK). The lowest exposures occurred among German and Dutch adolescents and the highest among those from Iceland and Poland.
We tried to approach the influence of country-specific age ratings on exposure by separating all included movies into "youth-rated" movies (rated for audiences <16 years) and 'adultrated' movies (rated for audiences $16 years). There were profound differences in the proportion of adult ratings in the country lists of 250 movies with 18% adult ratings in Iceland, 14% in the Netherlands, 11% in Germany, 7% in the UK, 1% in Poland and 0% in Italy, mostly reflecting different rating practices in the countries. In overall tobacco occurrences by age rating, 55% of the tobacco occurrences in the Icelandic box-office hits were in youth-rated movies, 67% in the Netherlands, 80% in the UK, 81% in Germany and 99.9% in Poland, and by definition, all tobacco occurrences in Italy were counted in youth-rated movies. Looking at the actual mean exposure from youth-rated movies, the lowest mean was found for Iceland with 74%, followed by the Netherlands with 80%, Germany with 92%, UK with 93% and Poland and Italy with 100%. Association between exposure to smoking in movies and adolescent smoking
Associations between study variables
The smoothed lowess curves in figure 2 illustrate the association between exposure to movie smoking and adolescent ever smoking for each country. These show a consistent monotonic increasing relationship between exposure to movie smoking and ever smoking. The shapes of the curves look very similar, showing a generally steeper relationship for lower exposure levels, with the exception of the Icelandic curve that shows a lower slope for lower exposure values and gets a similar slope only for higher exposure values. Different intercepts mirror differences in lifetime smoking prevalence of the countries. For example, in Germany, prevalence of ever smoking rises from 0.1 for low-exposure adolescents to up to 0.5 for high-exposure adolescents, whereas in Iceland, the prevalence rises from 0.02 for low-exposure adolescents to up to approximately 0.18 for high-exposure adolescents. Table 3 shows crude and adjusted ORs (AORs) for the relationship between movie smoking exposure and ever smoking. In the crude models, and for all countries, exposure to smoking in the movies was significantly associated with youth ever smoking, as already indicated by the lowess curves. In frequencies, this association translates to 14% ever smoking in quartile 1 (Q1) compared with 21% in Q2, 29% in Q3 and 36% in Q4. Furthermore, in the overall (all countries) adjusted model, adolescents with higher exposure to smoking in movies were significantly more likely to have ever smoked, after controlling Figure 1 Exposure to smoking in movies among adolescents from six European countries (total n¼16 551). Estimation based on tobacco occurrences in each country's 250 most successful movies of the years 2004e2009. Number of seen tobacco occurrences displayed in the X-axes. M, mean, Mdn, median.
Multivariate analysis
for age, gender, family affluence, school performance, television screen time, number of movies seen, sensation seeking and rebelliousness and smoking within the social environment (peers, parents and siblings). In the adjusted model, predicted frequencies were 25% ever smoking in Q1 to 28% in Q2, 31% in Q3 and 32% in Q4.
The adjusted relationship with ever smoking was found for higher exposure levels in all countries with some betweencountry differences in the strength of the relationship; for example, the AOR for Polish youths with high exposure (Q3) compared with that for students in the lowest exposure category (Q1) was 1.4 (95% CI 1.1 to 1.8), whereas the AOR for Scottish students in the highest exposure category (Q4) was 2.8 (1.7 to 4.6) compared with that for students in the lowest exposure category (Q1).
DISCUSSION
This paper presented the results of a cross-cultural study examining the association between exposure to smoking in movies and youth smoking. The association with ever smoking is remarkably similar to the findings among US, 10 German, 7 New Zealand 9 and Mexican 13 adolescents, with a similar doseeresponse curve and with adjusted odds of ever smoking being 1.1e2.8 times greater for adolescents with higher exposure. Moreover, the adjusted relationship between movie smoking exposure and ever smoking was found in each countryspecific model. This is remarkable because the countries differ greatly in their tobacco control policies 34 and therefore also in the process of denormalising smoking in the society. 38 The findings suggest a consistent movieeyouth smoking association regardless of culture or tobacco control approach.
Policies aimed at movie smoking have been addressed by the FCTC. Parties to this agreement have ratified to undertake a comprehensive ban on tobacco advertising, promotion and sponsorship according to Article 13. The implications of Article 13 are that the depiction of tobacco use in films represents a form of tobacco advertising, and Article 13 guidelines recommend that "Parties should take particular measures concerning the depiction of tobacco in entertainment media products, including requiring certification that no benefits have been received for any tobacco depictions, prohibiting the use of identifiable tobacco brands or imagery, requiring anti-tobacco advertisements and implementing a ratings or classification system that takes tobacco depictions into account." 39 Based on the results of this six-country study, it seems there is little reason for a delay in changes to incorporate smoking into the movie ratings systems in European countries. The study revealed a high variation in the rating practices between the countries and confirmed that the clear majority of exposure to movie smoking in European adolescents comes from youth-rated movies, with a range of 55% (Iceland) to 100% (Italy and Poland).
There are, of course, several limitations to the current study, the most important one being the cross-sectional design. Crosssectional data do not inform about the temporal sequence of events, that is, if exposure to smoking in movies preceded smoking experimentation or uptake. Temporal antecedence is seen as an important determinant of a causal relationship, but it is not the only one, and there are already a number of longitudinal studies in this area that clearly demonstrate that movie smoking exposure happens before behaviour onset and predicts it.
The present study contributes to the causality question from another directiondunmeasured confounding. First, one advantage of cross-cultural studies is that unmeasured confounding is accounted for by the country-level random effect. In the present context, movie smoking exposure is the constant on a background of many other between-country differences. The consistent finding of a movie smoking effect after the control of country variance is a very important contributor to the causal argument. The second way this study contributes to causality is that the multivariate analyses included the number of movies Figure 2 Crude association between exposure to movie smoking and ever-smoking, by country.
a student had seen as a covariate. This control targets the specificity of the exposureebehaviour link, another key feature of causal arguments in epidemiological research. 40 High exposure to movie smoking might only be an indication of high movie exposure in general, which in turn might be the actual cause or another marker variable. That general movie exposure did not eliminate the movie smoking exposureeyouth smoking association adds weight to the claim that it is really something about smoking in the movies that is associated with youth ever smoking, adding empirical evidence to the argument that it constitutes a social influence.
Other limitations relate to the assessment of movie smoking exposure that was based on student recall and hence open to error and biases. However, there is no obvious reason for memory distortions to be systematically related to the amount of movie smoking exposure. The same is possible for ever smoking that might also have been misreported but should nevertheless unlikely interact with the non-reactive exposure assessment used in the present study. A further source of imprecision is the content coding of the movies that was performed by different study centres. However, high inter-rater reliabilities ensured that the coding information could be validly used in our correlational analysis. There might also be sporadic variations in the actual content of movies due to countryspecific cuts of scenes. A final issue is the potential bias due to the 14% unsurveyed students because of absence or missing parental consent. However, response rates varied between countries, from 78% in Germany to 95% in Iceland, without any systematic differences in pattern of results.
In summary, the consistency of the association between movie smoking and adolescent smoking in six European countries, despite their substantial differences in culture and tobacco policy, and after covariate control for the number of movies seen, adds further weight to the argument that smoking in movies is an independent risk factor for smoking uptake in youth. Germany, Iceland, Italy, the Netherlands, Poland and the UK have all ratified the WHO FCTC. 41 Reducing on-screen smoking is one key recommendation in the implementation guidelines of Article 13 of the Framework Convention. The current research findings support this recommendation and provide further scientific evidence in favour for measures to limit on-screen smoking. Ref.
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